Aims We sought to characterize the outcomes of patients with a prior percutaneous coronary intervention (PCI) who presented with a non-ST-segment elevation acute coronary syndrome (ACS).
Introduction
Since its inception in 1977, percutaneous coronary intervention (PCI) has become the most common method of coronary revascularization. Randomized trials have demonstrated that patients presenting with an acute coronary syndrome (ACS) and who subsequently undergo routine angiography and revascularization, predominantly by PCI, have improved outcomes compared with patients not treated with a routine invasive strategy. [1] [2] [3] Several studies have also examined the impact of a prior revascularization procedure on the outcome of patients with a subsequent ACS. Numerous studies have shown that patients with a history of a prior coronary artery bypass grafting (CABG) who present with either an ST-segment elevation or non-ST-segment elevation ACS have significantly worse outcomes compared with patients without this history. [4] [5] [6] [7] However, other studies have suggested that patients with a prior PCI who subsequently have an acute ST-segment elevation myocardial infarction (MI) have improved outcomes. 8 Despite the increasing number of patients with a previous PCI, their outcomes after presenting with a new non-ST-segment elevation myocardial ACS have not been described in detail. To assess the effect of a prior PCI on the outcome of patients presenting with ACS, we performed a pooled analysis of three randomized non-ST-segment elevation ACS trials and compared the outcome of prior-PCI patients with patients without prior PCI.
Methods

Patient population
Individual data were collected from patients with non-ST-segment elevation enrolled in three ACS trials: Global Use of Strategies to Open occluded arteries in acute coronary syndromes (GUSTO IIb), Platelet glycoprotein IIb/IIIa in Unstable angina: Receptor Suppression Using Integrilin Therapy (PURSUIT), and Platelet IIb/IIIa Antagonist for the Reduction of Acute coronary events in a Global Organization Network (PARAGON)-B. [9] [10] [11] Data were pooled, and outcomes at 30 and 180 days were assessed. The details of each study's protocol have been previously published. In brief, in GUSTO IIb, 8011 patients with non-ST-segment elevation were randomly assigned to treatment with either hirudin or heparin. The primary endpoint was the composite of death or MI during the first 30 days following randomization. The endpoints of death and MI were also recorded at 180 days. MI was considered to have occurred at the time of enrolment if the creatinine kinase (CK)-MB concentration was elevated to above normal at baseline or 8 h after enrolment. If the CK-MB concentration was elevated at the 16 h sample, and no symptoms occurred between enrolment and the 16 h sample, this was considered an MI at enrolment. If the CK-MB concentration was elevated only at the 16 h sample, and symptoms of MI occurred after enrolment, the events committee coded the event according to information collected on the electrocardiogram (ECG), symptoms, and enzyme elevation. If the CK-MB concentration was not available, CK had to be .2 times above the upper limit of normal (ULN). An MI was also to be classified in the event of new significant Q-waves in at least two contiguous leads. For patients who had an MI before enrolment, a new MI was defined as a rise in the CK-MB concentration to above normal limits or at least two times above a prior value if above the ULN, with appropriate signs, symptoms, and ECG changes. 9 The double-blind, placebo-controlled PURSUIT trial enrolled 10 948 patients with non-ST-segment elevation ACS. Patients were randomly assigned to receive placebo or a bolus and infusion of eptifibatide. The primary endpoint of the trial was the composite of death or MI in the first 30 days of follow-up. Data on death and MI were also collected at 180 days. A masked clinical events committee evaluated suspected infarcts. MI within 18 h after enrolment was diagnosed on the basis of ischaemic chest pain and new ST-segment elevation in at least two contiguous leads and lasting for 30 min. After 18 h, MI was considered to have occurred if there was a new or repeated elevation of the CK-MB concentration above the ULN or if there were new Q-waves in two ECG leads. 10 In PARAGON-B, 5225 patients with non-ST-segment elevation ACS were randomly assigned to placebo or lamifiban adjusted for renal function. The primary endpoint was the composite of death, MI, or severe, recurrent ischaemia at 30 days. Follow-up data for death and MI were collected at 180 days. MI was considered to have occurred when the CK-MB concentration was elevated to !2 times the ULN or there were new significant Q waves in two contiguous ECG leads in patients without an MI at baseline. In patients with MI at baseline, a post-enrolment MI was defined by a re-elevation of the CK-MB concentration to !2 times the ULN if the prior CK-MB concentration was in the normal range and .50% above the prior level if the prior CK-MB concentration was above normal or if new significant Q-waves were present in two contiguous leads, discrete from an enrolment MI. 11 In all three trials, the clinical events committee independently and blindly adjudicated all suspected MIs.
Our analysis included all patients who had a previous PCI, as determined from the information that site investigators collected at the time of admission. Coronary angiography, PCI, and CABG were performed at the discretion of the treating physician and not subjected to randomization. The treating physician also performed the angiographic assessment at the site with visual analysis; coronary lesions .50% stenosis were considered significant. Data specifying which vessel was treated with the prior PCI were not collected. The time interval between prior PCI and randomization was not collected in the PARAGON-B trial.
Statistical analysis
Continuous baseline characteristics were reported as medians with 25th and 75th percentiles. Categorical variables were reported as frequencies and percentages. Differences in categorical baseline characteristics, including medication use, angiographic results, and complications and procedures in patients with and without a prior PCI, were compared using Pearson's x 2 test. Differences for continuous variables were compared using the Wilcoxon rank-sum test.
Baseline characteristics were compared across the three trials and were found to be similar, as were the patient entry criteria. The Breslow-Day statistic was used to test differences across the three studies in associations between previous PCI and the outcomes of 30 day death and the composite of death or MI. Because the associations were homogeneous across the trials (P ¼ 0.85 and 0.49, respectively), the trials were combined and all analyses were performed across the entire database.
To characterize the time course of events, the cumulative event rate was estimated using the Kaplan-Meier method, with the time to death and the time to the first event of death or MI used as the outcome variables. Previously published Cox proportional hazards models were used to adjust for imbalances in baseline characteristics for 30 day death, 30 day death or MI, 180 day death, and 180 day death or MI. 12 The following variables were entered in the model of death: sex; age; weight; height; region of enrolment; history of hypertension; diabetes mellitus; smoking status; hypercholesterolaemia; prior MI; recent chest pain; congestive heart failure (CHF); prior CABG; enrolling trial; prior medications including aspirin, beta-blockers, calcium antagonists, nitrates, and angiotensin-converting enzyme (ACE) inhibitors; presenting characteristics including enzymatic MI at enrolment; systolic blood pressure; heart rate; Killip class; symptom onset to treatment; presence of ST-segment depression, and the interactions of age and pulse with enzymatic MI. The following variables were entered in the model of death or MI: sex; age; weight; height; region of enrolment; history of hypertension; diabetes mellitus; smoking status; prior MI; recent chest pain; CHF; prior stroke; peripheral vascular disease; prior CABG; enrolling trial; prior medications including aspirin, beta-blockers, calcium antagonists, nitrates, and ACE inhibitors; presenting characteristics including enzymatic MI at enrolment; systolic blood pressure; diastolic blood pressure; heart rate; Killip class; symptom onset to treatment; ST-segment depression, and the interactions of age, Killip class, and pulse with enzymatic MI. Only patients with complete data were included in the multivariable models. A test of proportional hazards was used on each covariate in the model. This test was generated by running a model which contained the factor of interest (X1) plus a time-dependent covariate factor which was programmed to be the log of time to the event Ã X1. In addition, Kaplan-Meier curves were generated for each to visualize this same issue. For continuous measurements, the factor was divided into quartiles or tertiles for plotting purposes. Had a factor deviated significantly from this assumption, it would have been included in the model as a stratum. For all analyses, a two-tailed P value of ,0.05 was considered statistically significant. However, no adjustments have been made for the multiple comparisons, so the results should be interpreted as hypothesis generating. All analyses were performed using SAS statistical software (SAS Institute, Cary, NC, USA).
Results
Baseline characteristics
The study population consisted of 24 166 patients with non-ST-segment elevation ACS, of which 3012 (12.5%) had prior PCI and 21 154 (87.5%) had no prior PCI. Information on 30 day death was available in 99.9% of patients, and for death or MI in 99.7%. Information on 180 day death was available in 98.6% of patients, and for death or MI in 98.1%. The median (25th, 75th percentile) interval between the prior PCI and randomization was 647 (123, 1585) days. Although younger, patients with prior PCI had more adverse baseline clinical characteristics including diabetes mellitus, prior MI, prior stroke, hypercholesterolaemia, peripheral vascular disease, prior CABG, and CHF, and they were heavier ( Table 1 ) . There were fewer current smokers in the prior PCI group. Despite having lower blood pressure at the time of enrolment, patients with prior PCI more often had a history of hypertension. A higher proportion of patients with prior PCI were receiving aspirin, beta-blockers, calcium-channel blockers, ACE-inhibitors, and lipid-lowering agents compared with patients without a prior PCI ( Table 2 ) .
Patients with prior PCI underwent more coronary angiography during the index hospitalization (75 vs. 57%; P , 0.001). A higher percentage of this patient group had multi-vessel coronary disease and impaired left ventricular function ( Table 3 ). There were no differences with respect to the maximum stenosis or thrombolysis in myocardial infarction (TIMI) flow grade between the two groups.
Clinical endpoints
The unadjusted 30 day mortality rate in patients with prior PCI was 2.0% compared with 3.8% for those without prior PCI, and the rates of composite death or MI at 30 days were 11.4 and 12.0%, respectively. The rate of MI at 30 days was 10.8% in patients with prior PCI and 9.2% for those without prior PCI. Prior-PCI patients also had a lower mortality rate at 180 days (4.7 vs. 6.3%), but no difference in death or MI at 180 days (14.5 vs. 14.6%). There was no difference in mortality from day 30 to day 180 for patients with or without a prior PCI (2.69 vs. 2.65%; P ¼ 0.89). However, patients with a prior PCI had a higher MI rate at 180 days compared with patients without a prior PCI (13.3 vs. 12.0%). The Kaplan-Meier probability of 180 day survival was higher in prior-PCI patients (P ¼ 0.0003) ( Figure 1A ), but there was no difference in the probability of survival without re-infarction at 180 days (P ¼ 0.82) ( Figure 1B ) . The Kaplan-Meier probability of freedom from MI at 180 days was higher in the prior-PCI patients (P ¼ 0.045) ( Figure 1C ) .
After adjusting for differences in baseline characteristics and treatment, we found that prior-PCI patients had a lower mortality rate at 30 days (HR, 0.60; 95% CI, 0.45-0.80; P ¼ 0.0006) and 180 days (HR, 0.81; 95% CI, 0.66-0.98; P ¼ 0.029) ( Table 4 ). After adjusting for treatment and baseline characteristics, no difference was observed with respect to death or MI at 30 days (HR, 0.95; 95% CI, 0.83-1.08; P ¼ 0.42) or 180 days (HR, 1.01; 95% CI, 0.90-1.13; P ¼ 0.90).
Patients with a prior PCI underwent more repeat PCIs during the index hospitalization and through the 180 day follow-up period compared with patients with no prior PCI ( Table 5 ) . Stenting was performed with equal frequency in both groups (47 vs. 47%). Although CABG was performed more often in the prior-PCI group during the in-hospital period, no difference was seen between the two groups in the total number of CABG operations performed during the 180 days following randomization. The incidence of in-hospital complications was lower in patients with prior PCI (Table 5 ). Specifically, there was less cardiogenic shock, CHF, and atrial fibrillation in patients with a prior PCI. Interestingly, there was more acute mitral regurgitation in patients with a prior PCI.
Discussion
Our study is the largest to date to analyse the outcome of patients with prior PCI who subsequently presented with non-ST-segment elevation ACS. In our analysis, patients with prior PCI had significantly more adverse clinical and angiographic baseline characteristics than did patients without prior PCI. However, after adjusting for differences in baseline characteristics using Cox proportional hazard models, the mortality rate for prior-PCI patients was significantly lower at 30 and 180 days following presentation. In addition, patients with prior PCI had significantly fewer in-hospital adverse outcomes.
Other studies
The association between a prior PCI and outcome following a non-ST-segment elevation ACS has not been previously examined in detail. Results from a post hoc Outcomes of ACS patients with prior PCIanalysis of data from the Long-term Intervention with Pravastatin in Ischemic Disease (LIPID) study showed that patients who underwent a coronary revascularization procedure (PCI or CABG) prior to presenting with ACS had a 24% relative increase in the composite of death or non-fatal MI. 13 Another study reported that patients with prior PCI who presented with an acute ST-segment elevation MI had significantly fewer in-hospital complications and lower 30 day mortality compared with patients without prior PCI, 8 which is similar to the findings in this study. The specific effect of prior CABG on outcomes in patients with ACS has also been examined. [4] [5] [6] [7] Some studies have suggested that prior CABG does not have an independent effect on outcomes after ACS, while one study did suggest that a prior CABG has a significant independent detrimental impact on survival following an ACS. It is likely that the worse outcomes seen with prior-CABG patients are due to the more extensive coronary disease and left ventricular dysfunction present in these patients compared with prior-PCI patients. Recent studies have not demonstrated any difference in short-term mortality in patients with multi-vessel coronary artery disease (CAD) treated with PCI or CABG.
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Effect of prior PCI on outcomes in patients with ACS
Our study suggests that a prior PCI may have an important independent effect on mortality following ACS. Compared with patients without prior PCI, patients with prior PCI also had significantly more multi-vessel coronary disease and worse left ventricular function and were taking significantly more cardiac medications. These findings suggest that the underlying disease in prior-PCI patients is more extensive; therefore, the lower mortality seen in this group is particularly surprising because numerous studies have reported an inverse correlation between death and both ejection fraction and the extent of CAD. [17] [18] [19] [20] Factors other than extent of disease may impact prognosis. Collateral circulation may be enhanced in patients with prior PCI due to ischaemia produced by the initial lesion. This 'pre-conditioning' may allow for collaterals to be recruited with a subsequent ACS, and this may help sustain the viability of the threatened myocardium and allow the patient to tolerate the acute ischaemic event better. 21 Patients with a prior PCI and recurrent ischaemic symptoms may be more likely to seek medical attention. These patients may also receive more prompt medical attention and closer surveillance due to their coronary history. Finally, although speculative, the biology of ACS in patients with a prior PCI may be different. For example, the prior PCI may have been performed in a proximal coronary segment causing fibrotic changes in the lesion with subsequent arterial passivation. Therefore, future ACS may be due to plaque rupture in more distal arterial segments and may involve fewer areas of the coronary arteries. Data are presented as the number (%) of subjects or median (25th, 75th percentile). LAD, left anterior descending; LCX, circumflex artery; RCA, right coronary artery. Several studies have highlighted the impact of prior medications on survival in patients presenting with ACS. The previous use of aspirin, beta-blockers, and lipid-lowering agents has been shown to significantly improve early outcomes in patients with ACS. [22] [23] [24] In our study, the proportion of patients receiving these medications was significantly higher in the prior-PCI group, but even after adjusting for these important differences in prior medication use, patients with prior PCI had a lower mortality rate than patients without prior PCI. Patients with prior PCI, who have documented CAD, were medically undertreated; for these patients, the use of aspirin, beta-blockers, ACE-inhibitors, and lipid-lowering agents was relatively low.
Repeat revascularization procedures
The rate of in-hospital cardiac catheterization was significantly higher in prior-PCI patients compared with other patients. Paralleling the increased catheterization rate was a significantly greater rate of repeat PCI, but there was no difference with respect to the overall incidence of CABG. This difference in catheterization and PCI may contribute to the difference in outcomes. Several studies have now demonstrated significantly better outcomes with a routine invasive strategy followed by revascularization for ACS. [1] [2] [3] For example, based on long-term follow-up data from the FRagmin and fast revascularization during InStability in Coronary artery disease (FRISC II) study, ACS patients treated with a routine invasive strategy have a significantly lower mortality rate than those treated with a conservative, non-invasive strategy. Because the decision to perform cardiac catheterization was at the discretion of the treating physician, it is difficult to ascertain the rationale for the higher rates of invasive procedures. Many ACS patients with a prior PCI were likely treated in a tertiary care hospital with onsite interventional facilities, likely the same hospital where the initial PCI was performed, and this may have led to the increased rate of cardiac catheterization. Other plausible explanations include the presence of more adverse baseline clinical characteristics in patients with prior PCI, inherent physician or patient bias, or a biological difference in coronary disease in patients with prior PCI. For example, the culprit lesions in these patients may be more focal and therefore more amenable to PCI. Patients with a prior PCI experienced a greater incidence of MI. The higher rate of revascularization procedures could explain the difference. Also, the majority of procedures were performed without glycoprotein IIb/ IIIa blockade, which reduces periprocedural MIs. The overall occurrence of death and MI appears to be similar between patients with or without prior PCI. Therefore, patients experiencing ACS with a prior PCI may simply shift from dying from the ischaemic event to having an MI because of the higher number of revascularization procedures and cardioprotective medications they receive.
Limitations
The current study was a post hoc analysis of prospectively collected data. The patients in these three clinical trials may be different from patients encountered in other clinical trials of ACS and in everyday clinical practice. Despite using previously validated statistical models, unmeasured confounders may be responsible for some of the differences in outcome between patients with and without prior PCI. The decision to perform coronary angiography and revascularization procedures was at the discretion of treating physicians and not subject to randomization. Therefore, we are unable to make meaningful conclusions regarding the role of repeat revascularization among prior-PCI patients. Although some angiographic data were available, other important data such as the site of the prior PCI, indication for the prior PCI, and whether the culprit vessel had been previously treated with PCI were unknown. Although some of the patients with ACS in the prior-PCI group may have had re-stenosis, the proportion of these patients is likely to be small. Re-stenosis occurs clinically within 6 months, yet the median time interval between the prior PCI and index ACS was more than 1.5 years.
Conclusions
In a pooled analysis of 24 166 patients, those with prior PCI who presented with a non-ST-segment elevation ACS had a lower mortality rate at both 30 and 180 days compared with patients without prior PCI. However, patients with prior PCI had a higher incidence of MI compared with patients without prior PCI. Furthermore, patients with prior PCI had fewer in-hospital adverse outcomes, despite having more CAD and worse left ventricular function than patients without prior PCI.
